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ABSTRACT OF THE DISCLOSURE

Crystal orientation is determined using a single Laue
photograph which is employed to determine the orienta-
tion of the crystal for scanning on an X-ray diffractom-
eter.

——————————

This application is a division of application Ser. No.
455,716 filed May 14, 1965, now abandoned.

My invention relates to a method and apparatus for
determining crystal orientation. In particular, it relates
to a method and apparatus for determining crystal ori-
entation by means of a diffractometer and a single Laue
photograph. ;

In recent years, the physical and chemical properties
of materials have undergone an increasingly detailed in-
vestigation. It is well known that the structure of ma-
terial strongly influences its properties and accordingly
the attention of experimental metallurgists has often
strongly centered on the determination and classification
of the structural properties of a wide variety of materials.
Many materials exhibit a regular structure on the atomic
level; an example of this is found in crystalline materials,
which exhibit an ordered and repeated structure through-
out the extent of the crystal. If a suitable reference sys-
tem is chosen at any point within the crystal, it will be
found that the atoms with the structure may be consid-
ered to lie in planes which intercept the reference axes
at various distances, The magnitude of the intercept of
these planes with the reference axes is characteristic of
the plane under consideration and serves to identify the
plane. For various reasons however, which need not be
considered here, it has been found useful to identify the
crystal planes by means of the reciprocals of these inter-
cepts; these reciprocals are well known as the Miller in-
dices of the plane. Thus the (224) plane of a crystal
may be recognized as that plane which intersects the
three reference axes at ¥ unit, ¥ unit, and % unit from
the reference origin respectively. The number and types
of planes which a crystal possesses, the spacing between
these planes, and the angles which these planes make
with the reference axes are important characteristics of
the particular crystal under study. The orientation of
these planes with respect to the reference axes will here-
inafter be referred to as the crystal orientation.

Several techniques have been utilized for determining
crystal orientation, most of which are of limited ap-
plicability. Thus, for example, the internal structure of
a crystal may often be releaved by examination of the ex-
ternal faces of the crystal or by examining the manner
in which a crystal may be broken into separate pieces
by pressure at various surface points thereof. A more
powerful and more nearly exact technique for the deter-
mination of crystal orientation, however, lies in the use
of X-ray analysis. Since the spacing of the atoms within
the crystal structure is of the order of the wave length
of X-rays (1-2 angrstroms), crystals which are irradiated
with X-rays will diffract these rays in a determinable
manner. Indeed it has been found that if a plane of a
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crystal is exposed to X-rays, the crystal will diffract these
rays at an angle given by n\—2d sin 6, where n is any
integer and denotes the “order” of diffraction, A is the
wave length of the incident X-rays, d is the spacing be-
tween parallel crystal planes (interplanar spacing) and
6 is the angle between the incident X-ray and the crystal
plane (the angle between the diffracted ray and the
crystal plane also equals #). This relation is known as
Bragg’s law and the angle ¢ is known as the Bragg angle.
The diffracted rays may be detected and measured by
photographic or electronic means to provide an indica-
tion of the crystal orientation or may be subjected to
X-ray analysis by means of a diffractometer, for exam-
ple, which consists of a table for mounting a crystal
specimen, a source of monochromatic X-rays for irradiat-
ing the specimen, and a detector for measuring the ori-
entation and intensity of the diffracted rays.

One well known method for performing the initial
orientation of the crystal is to utilize a back reflection
Laue photograph technique in which the crystal having
planes whose orientation is unknown is irradiated with
X-rays and the diffracted rays from the crystal are in-
tercepted by a photographic plate on which the diffracted
rays impinge, thereby causing a series of spots to ap-
pear on the film. These spots are due to the rays dif-
fracted from various planes within the crystal and the lo-
cation and spacing of the spots may be used to deter-
mine the crystal orientation. In particular, the angular
orientation of any ome of these spots with respect to
the center of the film will define the location of the
normal to the plane responsible for the diffraction asso-
ciated with that spot. The identification of this plane will
still be incomplete, however, since the crystallographer
must know not only the relative orientation of the plane
causing the diffraction (as determined by the Laue photo-
graph) but must also have some knowledge of the inter-
planar angles or interplanar spacing before Miller indices
can be assigned to the planes. The process of deter-
mining the orientation of unidentified planes in the crystal
will be referred to herein as relative orientation of the
crystal, while the process of determining the orientation
of unidentified planes and assigning Miller indices to
them will be referred to as complete determination of
crystal orientation or, more briefly, as critical orientation.

Prior attempts to identify the crystal planes by means
of Laue photographs involved either examination of a
series of these photographs or, alternatively, determina-
tion of the crystal orientation by a series of cut and try
steps in which Miller indices were tentatively assigned
to a particular diffraction spot (or rather the “pole” of
this spot plotted on what is known as a stereographic
projection) and the Miller indices of the remaining spots
were deduced from this by means of the known inter-
planar angles and interplanar spacing for a crystal of
the class being studied. If the initial assumption were cor-
rect, the poles on the stereographic projection would be
found to bear the proper indices and the proper relation
to neighboring poles required for crystals of that class.
Often, however, the initial assumption would be incor-
rect as revealed by the “identification” of poles which
did not belong in the class of crystal under study and
the process was repeated as often as necessary with new
sets of Miller indices being assigned to the original pole
at each repetition. This process could be Iong and la-
borious, and often required the services of a skilled
crystallographer who could utilize such factors as the
presence of symmetry elements to reduce the complexity
of the identification process.

Accordingly, it is an object of my invention to pro-
vide an improved method for determining the complete
orientation of the planes of a crystal, A further object



